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ABSTRACT 


A  simple,  rapid  method,  based  on  the  Oudin  single  gel  diffusion 
technique,  is  described  for  the  quantitative  assay  of  staphylococcal 
enterotoxin  B.  The  method  yields  reproducible  results  without  close 
control  of  3uch  assay  variables  as  temperature,  antiserum  dilution, 
and  assay  time,  provided  that  the  ionic  strength  is  maintained  above 
0.2  N  sodium  chloride  equivalent. 
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I.  INTRODUCTION 
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Oudin1  reviewed  the  literature  on  simple  diffusion  techniques  for  assay 
of  antigens  jin  which  antiserum  is  Incorporated  in  a  tube  of  soft  agar  and 
overlaid  with  antigen.  Upon  incubation,  a  band  of  precipitate  forms  at 
the  interface  and  migrates  down  into  the  agar;  the  rate  of  migration  is 
directly  related  to  the  concentration  of  the  antigen. 

The  Oudin  technique  has  been  applied  to  the  assay  of  the^emesis- 
produclng  enterotoxin  B  from  Staphylococcus  aureus  cultures.  8  The 
assay,  as  customarily  conducted,  requires  the  measurements  of  diffusion 
band  movement  on  three  successive  days  while  the  assay  tubes  remain 
Immersed  in  a  constant  temperature  water  bath.  Standard  reference  curveE 
are  obtained  for  each  lot  of  antiserum  by  plotting  the  length  of  the 
precipitate  band  against  the  square  root  of  time.  A  second  graph  then 
is  made  by  plotting  the  slope  of  the  line  thus  determined  against  the 
logarithms  of  the  respective  antigen  concentrations.  A  modified  Oudin 
method  for  the  assay  of  enterotoxin  B  is  described  in  this  report.. 

Certain  variables  that  affect  the  test  are  quantitated. 

The  method  to  be  described  is  practical,  simple,  and  rapid.  It 
uses  low-cost  standard  equipment  and  yields  quantitatively  reproducible 
results.  The  band  length  is  a  function  of  toxin  concentration  at  any 
time  after  4  hr.  Therefore,  accurate  assays  of  enterotoxin  B  can  be 
obtained  based  on  the  diffusion  distance  if  the  band  length  of  standard 
reference  solutions  is  measured  within  30  minutes  of  measuring  the  band 
length  of  unknown  enterotoxin  solutions.  Close  control  of  variables, 
i.e.,  temperature,  time  of  incubation,  dilution  of  antiserum,  method  of 
incubation  (air  or  water  bath),  is  not  critical, because  standard  reference 
enterotoxin  solutions  and  unknown  toxin  samples  are  all  subjected  to  the 
same  conditions  at  the  same  time.  Enterotoxin  values  are  simple  to  cal¬ 
culate  apd  are  obtained  with in  20  to  24  hr.  Accuracy,  precision,  and 
reproducibility  of  the  assay  equal  or  exceed  the  conventional  simple 
immunodiffusion  techniques  described  by  Oudin1  and  modified  by 
Silverman.® 
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II.  MATERIALS  AND  METHODS 


Gel-diffusion  tubes  containing  antiserum  specific  for  enterotoxin  B 
in  soft  agar  are  overlaid  with  known  or  unknown  antigen  (enterotoxin  B) 
samples.  The  length  of  each  zone  of  precipitation  is  measured  after  all 
tubes  have  been  incubated  at  30  C  for  20  to  48  hr.  A  reference  curve  of 
known  toxin  concentration  vs.  band  length  is  plotted  on  semi-log  paper 
and  a  regression  line  drawn.  Values  of  unknown  samples  assayed  con¬ 
currently  are  then  taken  directly  from  the  standard  reference  curve. 


A.  ENTEROTOXIN  B  STANDARD 

Highly  purified,  lyophilized,  enterotoxin  B  preparations,  used  to  pre¬ 
pare  standards  in  each  group  of  assays,  were  supplied  by  Dr.  E.J.  Schantz. 
The  amount  of  purified  toxin  in  a  particular  sample  used  as  a  standard 
was  based  on  the  Kjeldahl  nitrogen  content  multiplied  by  6.2.  These 
preparations  were  derived  from  S-6  cultures  and  purified  by  procedures 
described  by  Schantz  et  al.B 


B.  SPECIFIC  ANTISERUM 

The  specific  antiserum  used  in  these  studies  was  rabbit  or  burro  anti¬ 
serum  prepared  by  Dr.  W.G.  Roessler  as  described  by  Silverman.3  Antisera 
were  stored  at  -15  C. 


C.  PHOSPHATE-BUFFERED  SALINE  DILUENT 

1)  Solution  A  was  composed  of  (i)  11.36  3  of  HA2HPO4  brought  to  a  final 
volume  of  1200  ml;  (ii)  34.0  g  of  NaCl  and  0.4  g  of  powdered  merthiolate 
(Powder  No.  20,  Thimcresol*}  were  brought  to  a  final  volume  of  2800  ml; 

(ill)  both  solutions  w ere  combined  for  a  total  of  4000  ml  and  stored  at  5  C, 

* 

2)  Solution  B  was  composed  of  (i)  2.1  g  of  KH2PQ4  in  a  final  volume  of 

300  ml;  (ii)  8.5  g  of  NaCl  plus  0.1  g  of  isertfeiblate  powder  in  a  final 
volume  of  700  ml.  Both  solution*  were  cbsbis*tfi.  to  stake  1000  ml  of  Solu¬ 
tion  B  and  stored  at  5  C.  1 

3) '  A  0.02  M  phosphate-buffered  saline  used  to  prepare  antiserum. agar 
was  made  by  mixing  approximately  85  parts  of  Solution -A  with  approximately 
15  parts  of  Solution  B  to  give  a  pH  value  of  7,4.  All  solutions;  were  pre¬ 
pared  in  sterile  distilled  water. 


*  Eli  Lilly  and  Company,  Indianapolis,  Indiana 


D.  PREPARATION  OF  AGAR 

»•  Clear  agar  was  prepared  by  adding  5  g  Oxoid  agar  No.  3  or  Ionagar  No  2* 

After  heat!*16!?  495  °l  °f  0,02  M  PhosPhate-buffered  saline. 

thitLr! t  ?  0  ”fnute8  at  121  C'  the  solution  was  filtered  through 

!t  55^  durin/f?l^  £ij!ered  “til  clear  by  holding  the  temperature 

and^isnfnsed8^1^  ?  n‘  Aftar  nitration,  the  agar  was  cooled  to  48  C 
and  dispensed  in  20-ml  amounts  for  storage  at  4  C. 

E.  AGAR-COATED  ASSAY  TUBES 

Tubes**  of  3  to  5  am  inside  diameter  and  10  cm  long  were  internallv 

available**  5S8r  t0  PreV*f  leakage  at  the  Slsss-sgsr  interface.1  Also 
av?11*£fe/and  oore  convenient  to  use  are  agar-coated,  sterile,  gel-diffusio » 

2  lBly  3  i*1™*  10  cm  loug)-  Foam-plastic  blocks,  of 5  to 

LSll  tubes!  CU  COnVenient  Size  are  ll8ht>  convenient  holders  for 

F.  PREPARATION  OF  REFERENCE  STANDARD  TOXIN  SOLUTIONS 

_  *eference  standards  containing  25,  50,  100,  200,  and  400  ug/ml  of 

fohoI«h*nrh  ^epard  ?fth  p?rlfied  drled  toxin  diluted  in  salt  buffer 
31  n  Phate"buf  sred  saline  plus  2%  NaCl) .  Each  assay  required  a  total  of 
310  jig  of  dried  enterotoxin  B  based  on  the  Ejeldahl  nitrogen  content. 

G.  TITRATION  OF  ANTISERUM 

.  flutei  ”“h  Pk°*Fh««-tm££ered  ..line  *,d  added  to  1% 

agar  to  the  desired  serum  dilution  and  dispensed  In  tubes.  Duplicate  tubes 
were  layered  with  each  of  five  dilutions  of  reference  staida^;  After 
e^amin!d°f  at  3°™  for,20  to  24  hr,  precipitate  bands  were  measured  and 

qUili  y  ?f  precipltitl  *on«-  Average  band-lengths  were  plotted 
“  8  P  Pf  again,t  enterotoxin  B  concentration  as  shown  in  Elgure  1 

to  develop  a  reference  standard  curve.  Suitability  of  rabbit  or  burro 
antiserum  was  assessed  on  the  basis  of  both  the  precipitate  band. density 
b^dS*rPSe**  b*°d  (absence  of  diffuse,  iuiry,  secondary,  or  multiple  fi 

unlfo^ly  d^'  bMd dllUtlOD  °f  *****  to  ' 

tod-,  Chicago  Height.,  IlMdoidi 
Scientific  Glass  Apparatus  Co.,  Silver  Spring,  Md . 

***  Aloe  Scientific  Coi,- St.  Xouls>  Moj  “  ' 


BAND  LENGTH^  MM 

Figure  1.  Titration  ,of  Antiserum.  Effect  (Of  .dilution  .on  precipitin 
(band  length  .{24-hr  reading),.  jRabbit  janti serum,  &s40, 
.-shown  .as  .-typical  .standard  reference  ijirv*. 
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H.  PREPARATION  OF  ANTISERUM  AGAR 

Ten  ml  of  1%  agar  was  melted,  cooled,  and  held  in  a  48  C  water  bath. 
For  a  1:20  serum  dilution,  1  ml  of  antiserum  was  added  to  9  ml  of  heated 
(48  C)  phosphate-buffered  .saline  in  a  large  test  tube  or  100-ml  centrifuge 
tube.  After  swirling  to  mix  thoroughly,  10  ml  of  1%  clarified  agar  was 
added.  Warm  Fasteur  pipettes  -were  .used  to  fill  .assay  tubes  1/3  to  1/2 
full  of  the  antiserum  .agar..  cCare  -was  taken  to  avoid  air  bubbles  in  the 
agar.  The  tubes,  if  mot  .used  immediately.,  were  .stored  in  a  closed, 
humidified  container  .at  4  C . 


I.  FILLING  GEL-DIFFUSION  'TUBES  (WITH  TEST  .ANTIGENS 

Assay  tubes  were  (Overlaid  -with  .an  .amount  .of  test  .solution  approxi¬ 
mately  (equal  in  .depth  to  the  .agar  ibelaw  it..  .All  tubes  were  sealed  with 
modeling  .clay.,  .plasticine,  .or  .corks  .after  filling,  and  .were  incubated  at 
30  t.C  in  .a  water  bath  .or  incubator.. 


J,  DIFFUSION-BAND  .MEASUREMENTS 

‘Routine  .measurements  were  made  with  .a  [binocular  microscope  .equipped 
with  a  'IX  eyepiece  (Containing  a  (Cross-lined  disc,  a  IX  .objective,  .and  .a 
.mechanical  .stage  with  jgraduated  millimeter  iscales  with  \vemieis  reading 
ito  iQ.l  .mm.  4  .strong  .shielded  light  at  an  .oblique  .angle  to  the  assay  .tube 
was  necessary  for  ease  in  aeeing  tbe  Iband  edge.  The  precipitate  .band 
lengths  .can  '.be  measured  with  .calipers;;  .however.,  this  method  lacks  the 
.desired  precision. 


;K.  FREPARATION  (OF  ASSAY  [SAMPLES 
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Froth  .cultures  were  .clarified  Iby  (centrifugation.  They  were  assayed 
without  .dilution  or  at  the  .several  .dilutions  indicated  later  in  the  text,. 


i.  TEST  PROCEDURES  FOR  [RAPID  0UDIN  ASSAY 

1)  Fix  plastic  labeling  tape  to  foam-plastic  Flock. 

2)  Identify  tube  locations.. 


3)  Fill  (duplicate  ;gel-.dif  fusion  tubes,  as  described  in  I,  above, 
|  ’"Filling. (Gel -Diffusion  Tubes  witb’‘Test  Antigexls,;”  with.  [Standard 

reference  toxin  .solutions  and  punch  into  labeled,  ^apol  in  plastic 

•  .block.  '  ’  ■ 

' 

i  -  - 


4)  Fill  antiserum  gel-dif fusion  tubes  with  appropriate  dilution  of 
test  samples  (antigens)  and  place  tubes  In  labeled  spot  in  block,  one 

tube  per  dilution. 

5)  Stopper  all  tubes. 

6)  Place  rack  of  tubes  is  30  C  incubator  for  20  to  24  hr. 

7)  Measure  precipitin  band-lengths  of  refer#  "  standard  tubes  and 
of  sample  tubes.  If  reading  time  of  standard  tubes  and  unknown  samples 

is  greater  than  30  min,  remeasure  standard  tubes  and  continue  measurements. 

8)  Plot  average  band  lengths  against  enterotoxin  B  concentration  of 
standard  reference  curve  solutions  on  semilog  paper. 

9)  Calculate  potency  of  test  sample  by  simply  taking  potency  value 
from  reference  stands .-.d  curve  and  correcting  for  dilution. 


Ill .  RESULTS 


A.  VARIABLES  f*  ASSAY 

1.  Incubation  Temperature 

Reference  standard  toxin  solutions  were  assayed  at  30,  34,  and 
37  C  to  determine  the  effect  of  Increased  temperature.  Band  migration 
Increased  approximately  0.05  mm/deg  within  this  temperature  range.  Since 
a  relatively  constant  slope  of  1.3  was  observed  (Fig.  2),  no  advantage 
in  slope  response  was  gained  by  increasing  the 'incubation  temperature 
to  37  C.  Fluctuation  in  temperature  during  incubation  was  of  little 
importance  because  standards  and  unknowns  were  both  subjected  to  the 
same  em  :.ronment . 

2.  Time  Elapsed  During  Reading  of  Unknown  and  Standard 

The  error  attributable  to  band  migration  during  the  period  of 
measurements  at  room  temperature  was  determined  with  reference  standard 
t ok  1.  ,  solution  tubes  read  at  20  to  24  hr.  Figure  3  shows  the  extent  of 
band  migration  in  4  hr.  The  longer  the  elapsed  time  between  reading  of 
the  standards  and  the  unknown,  the  greater  the  essay  error.  To  reduce 
this  error,  reference  standard  toxin  solution  tubes  were  reed  every  one- 
half  hour  and  the  average  readings  were  plotted  for  calculating  the  potency 
for  the  unknown  toxin  samples  read  during  each  half-hour  period.  Since 
the  slope  of  the  assay  curve  increased  with  time,  the  error  wee  greatest 
at  the  highest  potency  levels/  The  maximum  essay  error  when  standards 
wer.  read  every  half-hour  was  about  ±3.3X  at  200  pg/nl,  at  25  ng/isl  the 
error  was  ±l.3X. 


ENTEROTOXiN  (?,  jjg/ML 


LI 


Figure  2.  Temperature  Response  Curve*  (24 -hr  reading). 


*;  oi  concentration  in  phosphate -buffered  saline  on 

asaav  results  was  investigated.  We  found  that  correct  assay  values  are 
obtained  only  when  the  salt  (NaCl)  concentration  is  0.5  M  (or  2.9%) 

(Fig.  4)  with  approximately  correct  readings  being  obtained  through  the 
range  0.2  to  1.0  M  (or  1.2  to  5.8%).  Hall  et  al.  '*  reported  that  it 
was  necessary  to  employ  organic  diluents  In  preparing  reference  standards 
when  assaying  organic  material;  however,  we  found  a  variation  between 
organic  diluents  that  was  dependent  upon  their  concentration  and  composi¬ 
tion.  Therefore,  to  obtain  correct  assay  values  the  same  culture  medium 
was  used  both  to  prepare  reference  standards  and  to  dilute  samples  of 
culture  supernatants.  Large  errors  were  obtained  if  the  ionic  strength 
of  the  system  was  not  standardized.  Figure  5  shows  the  variation  in 
band  movement  when  purified  enterotoxin  B  was  diluted  with  the  indicated 
diluents.  Assay  values  of  undiluted,  3%  N-Z  Amine,  Type  A  (NZAA),  broth 
samples  would  be  expected  to  be  about  10%  low  when  calculated  from  a 
reference  standard  curve  prepared  with  salt  buffer.  Table  1  shows  an 
average  error  of  -11.2%  between  diluted  and  undiluted  samples  due  to 
different  diluents  in  standard  solutions  and  in  the  sample,  i.e.,  culture 
supernatant  an tero toxin  level  calculated  from  salt-buffer  standard  curve. 
When  samples  and  standards  were  prepared  In  phosphate-buffered  saline 
plus  2%  added  salt  (salt  buffer)  or  In  solutions  of  the  same  Ionic 
strength,  good  agreement  was  obtained  between  replicates  within  and 
between  sample  dilutions.  Table  1  indicates  reproducibility  of  assay 
values  for  undiluted  culture  supernatant  and  supernatants  diluted  1:2 
and  1:4;  the  averages  for  17  samples  were  174.9,  194.3,  and  195.0  pg/nil 
of  toxin,  respectively.  The  average  value  of  the  undiluted  cultures  was 
11.2%  lower  than  that  of  the  diluted  culture. 

4.  Filtration 

Filtration  of  assay  samples  resulted  in  adsorption  of  enterotaxin  B 
on  UP  glass,  Seitz  pads,  and  other  filter  media.  When  sterile  broths  were 
desired,  they  were  obtained  by  treatment  with  merthlolate  to  a  final  con- 
cvntration  of  1:10,000.  Accurate  readings  were  obtained  after  correction 
fo-  dilution.  Centrifugation  of  assay  samples,  the  method  of  choice,  did 
not  cause  a  detectable  error. 

■3 .  pil 

The  test  was  most  accurate  at  a  pH  of  7.4,  with  an  acceptable 
range  oi  6.8  to  7.8  (Table  2).  At  pH  6.3  and  8.8  band  migration  was 
slower,  resulting  in  a  low  assay  value. 


Figure  4,  Effect  of  Added  Salt  on  Entarotoxln  B  Assays  Increasing  amount© 
of  sodiu*  chloride  were  added  to  phosphate-buffered  saline. 
Reference  standaid  curve  eolutlona  were  prepared  in  phosphate* 
buffered  saline  diluent  containing  2%  added  NaCl. 


EKfEROTOXIH  B  ASSAY  VALUES  AS  AFFECTED  BY  DILUTION 


I, 


Culture 

Supernatant 


Undiluted 

Culture, 

!ig/al 


Culture  Diluted 
in  Salt  Buffer,  ug/tal 
1:2  1:4 


-a  y 

168 

192 

160 

171 

152 

185 

l 

150 

183 

175 

171 

180 

165 

443 

203 

231 

225 

447 

179 

213 

220 

448 

150 

192 

190 

449 

231 

243 

265 

450 

222 

258 

280 

452 

147 

162 

170 

453 

150 

165 

140 

456 

141 

171 

160 

457 

157 

180 

180 

458 

164 

159 

180 

461 

168 

186 

205 

462 

199 

213 

190 

463 

203 

183 

225 

Avg 

174.9 

194.3 

195.0 

TABLE  2.  ASSAY  VALUES,  pg/sL,  AT  DIFFERENT  pH  LEVELS 

(24 -KR  READIES)— 


Reference  Standard 
Enfcerotoxin  B, 
pH  7.4 

_ _ 

6,3 

6.9 

7.4 

7.8 

8.3 

8.8 

205 

187 

207 

207 

204 

107 

93 

101 

108 

106 

105 

107 

29 

21 

29 

29 

29 

26 

21 

10 

8 

9 

10 

11 

11 

8 

5 

<2 

5 

5 

2 

<2 

<2 

&.  Standards  and  test  solutions  vc re  diluted  in 
phosphate-buffered  saline. 
d,  H:e  pH  of  the  teat  solution*  ws*  modified  by 
adjusting  phosphate-feuf fer  ratio. 
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b.  Agar 

Testa  were  performed  to  determine  the  optimum  concentration  of 
agar  in  the  antiserum  agar  gel.  Final  concentrations  from  0.1  to  0.5% 
agar  gels  were  prepared.  There  was  no  difference  between  the  precipitin 
band-lengths  for  0.3  to  0.5%  agar  gels.  Gel  tubes  containing  0.1  or  0.2% 
agar  had  shorter  precipitin  bands  and  were  erratic  in  replicates. 

7.  Sodium  Salts 

The  effect  of  varying  salt  concentration  (0.1  to  1.0  N)  and  various 
medium  salts  (SQ^-,  cl",  NO3,  Br“,  and  I")  In  aqueous  solutions  on  pre¬ 
cipitin  band  migration  was  studied  at  two  levels  of  enterotoxin  (10  and  100 
txg/ml).  The  results  are  shown  in  Figure  6.  Band  migration  increased 
sharply  with  salt  concentration.  Constant  diffusion  rate  occurred  with 
concentrations  of  0.4  to  1.0  N  of  HaCl.  A  gradual  Increase  In  band 
lengths  occurred  for  toxins  diluted  in  0.2  to  1.0  N  Na2$04  solutions. 

The  results  followed  a  reverse-order  Ho fme inter  series,  I"  >Br"  >N05  >C1" 
>S04  ,  indicating  that  the  ability  of  these  anions  to  bind  protein  is  the 

reverse  of  their  salting-out  ability.  The  results  Indicated  that  Nal 
stabilizes  the  diffusion  of  enterotoxin  B  over  a  wider  concentration 
range  and  may  be  a  better  choice  of  sodium  salt  in  precipitin  systems 
than  the  conventional  sodium  chloride -phosphate  diluent. 

8.  Comparison  of  Conventional  Three-Day  with  Rapid  One-Day  Assay 

The  rapid  one -day  assay  was  compared  with  the  three-day  assay  for 
accuracy  and  variability.  Pure  toxin  diluted  in  phosphate-buffered  saline 
was  compared  with  reference  standards  prepared  with  the  same  buffer. 
Enterotoxin  containing  culture  supernatant  wae  compared  with  reference 
standards  prepared  In  sterile  NZAA  broth.  Table  3  reports  duplicate 
values  made  a  week  apart  for  undiluted  end  diluted  samples  in  inorganic 
and  organic  systems.  The  only  difference  between  the  three-day  and  rapid 
assay  results  shown  in  Table  3  was  the  method  used  to  calculate  the 
potencies  of  the  samples.  Rapid  assay  values  reported  were  calculated 
for  each  day  that  measurements  were  made,  and  show  that  the  calculations 
of  assay  results  based  on  measurements  made  at  24,  48,  or  72  hr  were  in 
close  agreement  among  themselves  and  with  the  calculated  potencies. 

The  results  indicate  approximately  the  same  variation  for  inorganic 
and  organic  assay  systems.  The  rapid  assay  method  yielded  comparable 
results  to  the  three-day  assay  method,  the  advantage  being  that  the 
results  are  obtained  in  one  day. 


Figure  fc.  Effect  of  Varying  Salt  Coaceatrat ten 
and  Verioue  Sodium  Salta  la  Aqueous 
Solution  oe  Precis* HI*  Bend  Migration 
(22 Hhr)  at  tiro  level*  of  EaterotOKla  1. 
All  solutletia  adjusted  to  pB  7.4  with 

o.i  n  mm. 


TABLE  3.  COMPARISON  OF  OUDIN  THREE-DAY  ASSAY  WITH  RAPID  ASSAY.  EACH  ASSAY  VALUE,  ng/ral, 


wti  itond  it  -IS  C  bitwin  replications  *idi  one  week  apart. 

Flrat  replicate  ant laerua  wee  diluted  1 S30  resulting  in  very  light  precipitin  bands.  High  variation  in  first  replicate  three- 
day  assay  was  due  to  decreased  band  Migration  by  the  third  day.  The  saw  lot  of  antiserum  was  used  in  the  second  replicate 

but  diluted  t;J0. 


XV.  DISCUSSION 


The  present  study  was  conducted  to  devise  a  practical  rapid  assay 
method  for  enterotoxin  B  based  on  the  Gudin  single  gel  diffusion  assay 
systeia.  Rubinstein  quantitated  Oudin’g*  method  by  plotting  the  relation¬ 
ship  between  the  length  of  the  precipitate  band  (in  mm)  and  the  square 
root  of  tisae  (in  sin)  and  then  plotted  the  resultant  slopes  against  the 
logarithms  of  the  respective  antigen  concentrations.  The  latter  plot  is 
the  calibration  curve  for  determining  the  concentrations  of  unknown  anti¬ 
gen  solutions.  Several  readings  of  an  unknown  antigen  solution  are  taken 
and  plotted  against  log  to  determine  the  slope,  which  is  then  compared 
with  the  calibration  curve  to  determine  the  concentration  of  the  unknown 
solution.  The  rapid  quantitation  of  the  Oudln  method  described  here  is 
based  on  the  linear  relationship  between  the  length  of  the  band  of  pre¬ 
cipitate  and  the  logarithm  of  the  concentration  of  the  antigen  (entero- 
toxin  3)  when  the  antibody  concentration  and  the  time  of  reading  are 
held  constant.  This  method  simplified  and  shortened  the  time  of  calcu¬ 
lation  of  the  concentration  of  the  unknown  antigen. 


Several  factors  affected  the  assay  results.  Large  errors  resulted 
when  there  were  differences  of  ionic  strength  between  the  entero toxin 
standard  and  the  sample  assayed.  Both  organic  and  inorganic  systems  are 
capable  of  yielding  reliable  assays  if  the  ionic  strengths  are  nearly 
equivalent  in  the  antigen -antibody  preparations.  Because  culture  medium 
constituents  are  not  standardized,  a  reliable  assay  system  based  on  an 
organic  system  ’*  is  difficult  to  achieve.  Changes  in  culture  medium 
ingredients  result  in  erroneous  assay  values  (F^-g.  5).  However,  both 
inorganic  and  organic  systems  can  be  stabilized  to  yield  a  uniform  band 
migration  per  unit  of  toxin,  within  a  relatively  vide  range  of  salt  con¬ 
centration,  1.2%  (0.2  H)  to  5.8%  (1.0  M ),  Figures  4  and  6.  Below  0.2  M 
salt  concentration,  assay  results  varied  widely  with  small  changes  In 
concentration;  above  1.0  M  the  assay  values  increase  gradually  and  the 
precipitin  bands  become  lighter.  The  assay  system  was  stabilized  by 
increasing  the  salt  to  concentrations  greater  than  that  used  by  Silverman.® 
In  a  no-salt  buffer  system,  25  jig/ml  of  toxin  is  the  lowest  toxin  level 
that  will  form  a  precipitin  band.  In  0.02  M  salt  buffer,  12.5  pg/ml 
form  bands  and  2  pg/ml  of  toxin  can  be  determined  if  salt  buffer  is 
increased  to  0.2  ML.  Thus,  If  It  is  desired  to  detoct  very  small  aatounts 
of  eaterotoxin,  0.2  M  buffer  should  be  used.  Sodium  salts  other  than  those 
with  Cl'  should  be  considered  for  precipitin  reactions;  the  data  indicated 
I",  Br~,  and  KOJ  to  be  more  effective  than  Cl”  or  SO^2”. 

Band  migration  continues  in  linear  proportion  to  the  square  root  of 
tine  during  the  period  of  measurements.  Ideally,  it  would  he  advantageous 
If  the  band  migration  could  be  halted  at  the  time  of  reading;  however, 
since  no  practical  method  is  known  that  would  step  the  bscd  migration  the 
time  between  readings  of  the  standards  and  unknowns  should  be  kept  as  short 
ss  possible  and  always  less  than  30  minutes. 
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Dense  secondary  bands  will  form  If  the  environmental  temperature 
is  suddenly  lowered  hy  a  few  degrees  or  if  the  temperature  fluctuates 
a  few  degrees  during  incubation.  The  dense  secondary  band  is  fixed.® 

A  sudden  rise  in  .temperature  results  in  a  clear  gap.  The  problem  of 
secondary  hand  or  gap  formation  can  be  prevented  by  incubating  the 
tubes  At  the  same  temperature  as  that  at  which  the  bands  are  read. 

The  rapid  quantitative  assay  procedure  described  is  not  subject 
to  the  limitation  of  the  quantitative  method  as  reported  by  Rubinstein 
and  Silverman.3  Unknown  antigen  concentration  can  be  determined  by 
precipitin  band  measurements  in  16  hr  and  good  estimates  of  toxin 
concentration  can  he  .obtained  in  as  short  a  time  as  4  hr.  involved 
titration  and  plottings  of  each  lot  of  antiserum  are  not  required, 
although  somewhat  more  toxin  is  required  than  for  the  three-day  assay. 
Rigid  control  of  reagents  and  conditions  of  the  assay  are  not  necessary. 
Involved  and  time-consuming  plotting  and/or  calculation  of  assay  values 
are  unnecessary  because  standard  enterotoxin  3  solutions  and  unknown 
toxin  samples  are  both  subjected  to  the  same  manipulations  and  environ-' 
mental  conditions.  The  method  is  also  applicable  for  other  precipitating 
antigen-antibody  systems.  A  specific  single  component  toxin  of  high 
purity  is  desirable^  however.,  crude  toxins  can  also  be  used  as  a  reference 
point  and  for  preparing  antiserum  during  purification  procedures. 
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